Background/Aims-Maternal diet may have an effect on the health ofthe offspring in middle and later life. This study used the laboratory rat as an animal model to examine whether the fibre content of the maternal diet during pregnancy affected subsequent development of colonic diverticula in the offspring fed lifelong fibre deficient or higher fibre diets. Methods-The parents of experimental animals were fed either a diet that was known to predispose to colonic diverticulosis or a control diet for one month prior to mating. The offspring were fed one of these diets for 18 months. The incidence of colonic diverticulosis, submucosal coliagen content, collagen solubility in weak acid, and the composition of intestinal contents were then measured. Results-Offspring of rats fed a higher fibre diet from higher fibre diet fed parents had 0% incidence of colonic diverticulosis. When offspring (regardless of parental diet) were fed a low fibre diet for life the acid solubility was lowered compared with rats fed lifelong higher fibre diet mean (SD) (0.044 (0.0007) v 0.073 (0.0015) sigmoid colon (ratio of soluble:insoluble collagen)); 21 1% had diverticulosis and there was reduced fibre fermentation. However when the diet of the parents of the fibre deficient diet fed rats was considered, the animals whose mothers had a fibre deficient diet had lower acid solubility (0.032 (0.0007)) and an increased incidence of colonic diverticulosis (42.10/o) than the animals fed a fibre deficient diet from higher fibre diet fed parents (p<001 in all instances). Conclusion-Maternal diet and the subsequent nutrition of the progeny seem to be of importance in the development of colonic diverticulosis in the rat.
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Several studies have now established that maternal diet plays a major part in the development of chronic disease in the adult offspring. [1] [2] [3] All studies in this area have concentrated on respiratory diseases and heart disease. The effect of maternal diet on the gastrointestinal tract of the offspring has not been considered before.
Diverticulosis is a very common disease in forms in the collagen of the tissue under study. In this study acid solubility is measured as a ratio of acid soluble collagen to acid insoluble collagen. A lower solubility index indicates a higher degree of acid stable crosslink forms. We have previously carried out a study on the solubility of colonic collagen from the human large bowel in relation to aging and colonic diverticulosis. 6 The solubility of collagen in weak acids is known to be decreased with advancing age in certain tissues -that is, skin, vascular adventitia, and chordae tendinae of heart valves,"1 and this is one of the bases for this study. Acid solubility gives an estimate of the strength of the collagen and hence the tissue in which it is located.
We therefore decided to investigate the influence of maternal diet on the extent of collagen crosslinkage and incidence of diverticula in elderly rats alongside our study of the effects of lifelong higher fibre on rats.
Methods

Animals
Sixty male Wistar rats bred at the Western General Hospital Animal Unit were maintained in cages, on refined cat litter to avoid ingestion of the bedding. They were housed in groups of five and maintained on one of two diets for 18 months. There were 20 rats in each dietary group fed fibre deficient or higher fibre diets8 similar to those used by Fisher,7 (Special Diet Services, Lavendar Mill, Poole, Dorset, prepared from one batch).
There were three groups comprising: (a) low fibre diet fed young, bred from low fibre diet fed parents (familial low fibre group (FLF)). (b) Low fibre diet fed young, bred from high fibre diet fed parents (weaned low fibre group (WLF)). (c) Control group, high fibre diet fed young, bred from high fibre diet fed parents (familial high fibre group (FHF)).
Non-starch polysaccharides contained in the diet were measured by the Englyst method. '2 The composition of the diets has already been outlined in our previous publication.8
The rats were bred specifically for this study and the parents of experimental animals were also fed the appropriate diet for a period of one month prior to mating. Each group of rats were weaned onto one of the two diets after 17 days suckling and remained on that diet thereafter.
All rats were weighed and monitored at weekly intervals and the terminal body weight was measured. The health of the animals at the end of the experiment was assessed at postmortem examination and weekly examinations of their fur, teeth, gait, mobility, and general activity were carried out for the duration of the study.
After 18 months the rats were killed by overdose of ether. Immediately after death a postmortem examination was carried out by a consultant pathologists (AB). For details of tissue collection and histological assessment consult our previous publication.8 Colonic wall collagen content and the acid solubility index were measured as previously8 using the Kivirikko method. 3 Short chain fatty acids were analysed by gas liquid chromatography. '4 Statistics The effect of colonic diverticulosis, rat body weight, and the presence of tumours and any other abnormalities on the total collagen content and the acid solubility of collagen was determined by multiple regression analysis and analysis of covariance.
Results
All animals remained healthy throughout the experiment, with the exception that three of the FLF group rats and one of the WLF group rats had to be removed from the study because of middle ear disease. This is a common disease in rodents and is not known to be related to the diet fed. The animals from the two fibre deficient diet groups were significantly heavier than those in the higher fibre diet group at the end of 18 months mean (SD) (FLF 912 (56) g, WLF 740 (45) g, and FHF 590 (30) g (p>0 001)).
Diverticula and other abnormalities At death the percentage of animals with colonic diverticulosis in the FHF group was 0°/O (of 20 animals), in the WLF it was 21. 1O% (p<0 001), and in the FLF it was 42.1% (p<0 001). All of the diverticula were found in the mid and left side of the colon (as in humans).4 Histological examination showed no colonic muscle thickening or tinctorial changes in the collagen of the lamina propria or submucosa. No diffuse inflammatory changes of the acute type were seen in the bowel. Some of the diverticula showed chronic inflammatory cells at some part of their structure; inflammation was not a prominent feature.
The number of animals with tumours and abnormalities was different between the three groups. The FHF rats had a total of nine tissue abnormalities compared with 34 tissue abnormalities in the WLF group and 48 tissue abnormalities in the FLF group. In the FHF group there were eight testicular tumours (of interstitial cell origin) and one mesenteric fibrous nodule (a fibroma). In the WLF group all rats had a small caecum, two rats had nodular and reticulated lungs (due to histologically confirmed desquamative pneumonitis), five rats had a pale or nodular liver (caused by fatty infiltration and excessive portal fibrosis), three rats had a pale or nodular pancreas (because of interlobular fibrosis), and no rats had testicular tumours. In the FLF group all rats had a small caecum, six rats had nodular and reticulated lungs, 14 rats had a pale or nodular liver, eight rats had a pale or nodular pancreas, and 12 rats had testicular tumours of similar type. These results illustrate that tissue abnormalities are more prevalent in the fibre deficient diet groups than in the higher fibre group and that the FLF group rats had a higher number of abnormalities than the WLF group, which were fed identical diets. FHF rats had heavier caecums, and larger and heavier colons, than the FLF and WLF rats. FHF rats had heavier wet and dry caecal contents and increased water content compared with FLF and WLF rats (Table I) . WLF rats had lighter caecal and colonic tissue weights but greater dry weight of caecal contents than FLF rats.
Caecal and colonic short chain fatty acids Ten animals from each group were used for analysis of caecal and colonic SCFA. They were selected as alternate animals in the numbered sequence for each group. Total SCFAs in both caecum and colon were higher in the FHF group compared with the two fibre deficient diet groups (p<0.001, Table II ). There were also the expected changes in the percentages of the individual SCFAs with higher butyrate and lower propionate than the fibre deficient fed rats. When the FLF and WLF rats were compared there were small but significant changes in caecal and colonic SCFAs (Table II) . In the caecum the only significant difference was a lower proportion of acetic acid and a higher proportion of isovaleric acid in the WLF group. In the colon, however, there was a significantly higher concentration of SCFAs (per gram wet weight) and a higher percentage of propionic acid and lower percentage of butyric and isovaleric acid. This would seem to reflect more fermentation occurring in the colon of WLF rats.
Colonic collagen
Total collagen content (measured as mg/100 mg wet tissue weight) was similar in all sites and all feeding regimens, regardless of the presence or absence of colonic diverticulosis.
The median value was 13.23 mg/100 mg (029) and the range was 12.95 mg/100 mg (0.30)-13.51 mg/100 mg (0. 16).
Acid solubility of the FHF group was similar regardless of the site of the colon. Acid solubility (acid soluble:acid insoluble collagen) was lower in the sigmoid colon than the ascending colon in the two low fibre groups (WLF and FLF) (p<0001 sigmoid colon compared with ascending colon) but the change was less in the WLF rats (Table III) . The acid solubility was lower in those rats with colonic diverticulosis compared with their healthy counterparts (p<0001, for all four sites of the colon). The acid solubility was also lower in the FLF group compared with the WLF group in all of the sites examined and in the healthy and diverticulosis rats (p,0<001) (Table III) .
Statistical analysis
Multiple regression analysis showed that the total collagen content is not influenced by the presence of tumours or the weight of the animals in any of the three dietary groups. The same analysis shows that the acid solubility of collagen is not affected by the presence of tumours or the weight of the animal in any group and that the significant factor is the presence of colonic diverticulosis (p<0.001) in all sections of the colon in the FLF and WLF groups).
Discussion
The role of maternal diet in the development of chronic disease in the child and later in the adult is becoming increasingly evident.' The mechanisms whereby diet during pregnancy can affect the health of the adult offspring are not clear. Although it is possible to monitor blood parameters, it is difficult to study the effects on tissue and organ structure and function in humans for ethical and practical reasons. One major problem being the lifelong development of many of the chronic diseases. In this study we therefore developed and used a rat model to study the effect of maternal diet on colonic wall structure, collagen solubility in weak acid, and bacterial fermentation of the adult offspring.
Colonic diverticulosis is a prevalent disease in humans and is believed to be linked to dietary fibre intake throughout life. The role of 6-3*** 2.9**** The significant differences in the incidence of diverticula and the extent of collagen crosslinkage between the two low fibre diets was understandably less than the difference between either group and the rats fed a high fibre diet. There was however a difference between the two fibre deficient diet fed rats in terms of the collagen acid solubility and the incidence of colonic diverticulosis. The collagen acid solubility is lower in the FLF group compared with the WLF group (27% lower in the sigmoid colon of FLF than WLF) and the incidence of colonic diverticulosis is increased twofold in the FLF compared with WLF rats.
The acid solubility of the colonic wall collagen is lower in the proximal colon than the distal colon, which suggests a relation with either: (1) Fermentation of dietary fibre by the colonic microflora, which on a fibre deficient diet will occur mainly in the proximal colon whereas on a higher fibre diet fermentation may occur throughout the colon.'6 (2) The mechanical work required to move small hard stools. The water in the colonic contents is absorbed mainly in the transverse colon so density of the stool is greatest in the distal colon where most work would be required for movement and evacuation.
The mechanism for protective action of maternal diet against the effects of a lifelong fibre deficient diet is unclear. However, the caecal and colonic SCFA were also affected by maternal diet. Higher fibre maternal diet was associated with greater production of SCFAs, with a lower production of isovaleric acid in the colon of WLF indicating more fermentation at more distal sites than in the FLF rats. If bacterial fermentation is related to collagen structure this could explain some of the effect of maternal diet. We have previously shown that rats weaned on to a high fibre diet and then fed a low fibre diet as adults for four weeks had more SCFAs in the caecum than rats weaned on to the low fibre diet directly.9 This suggests that even on a low fibre diet there is potential for increasing SCFAs by manipulating the colonic microflora. If the physical and chemical environment of the colon promotes colonisation by a different population of bacteria during the neonatal and weaning period there may be differences in the fermentation capacity of the adult colonic microflora.
Maternal diet might affect the colonic environment by changing the physiology of the colon in terms of, for example, mucin production or buffering capacity either in utero or by differences in the composition of milk during suckling. There may be some substance or agent in the milk of higher fibre diet fed mothers, which affects the gut flora and collagen. It has been shown in studies of human babies that the constituents of formula milk can have substantial influences on the composition of faecal bacterial7 18 and SCFAs. 19 The effect of maternal diet on the physical properties of the colonic contents seems unlikely to be responsible for changes in collagen crosslinkage. Indeed in our study the WLF rats had a lower percentage water in their colonic contents, which would be predicted to increase the incidence of diverticula.
An alternative mechanism would be that antioxidants in the maternal diet protected the collagen in the fetus or neonate from free radical attack. However, free radical attack is a slow gradual assault on the collagen and it is difficult to envisage a longterm effect of antioxidants in the maternal diet.
In conclusion, we have shown a significant reduction in the incidence of diverticula in a rat model associated with a maternal diet that is high in dietary fibre. The mechanism of this action needs to be explored. These results suggest that maternal diet may have a significant role in the development of gastrointestinal disease. 
